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I .  I n t r o d u c t i o n  
R e m o t e  s e n s i n g  i s  e f f i c i e n t  t o o l  f o r  c o n s e c u t i v e  m o n i t o r i n g  t h e  w i d e  r e g i o n  s u c h  a s  w h o l e  b a s i n  o f  t h e  Y e l l o w  
R i v e r  i n  C h i n a  i n  t h i s  s t u d y .  T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  a n a l y z e  t h e  c h a n g e  o f  l a n d  c o v e r  o n  t h e  Y e l l o w  R i v e r  b a s i n  
f o r  t w o  d e c a d e s  s i n c e  1 9 8 0  u s i n g  s e v e r a l  k i n d  o f r e m o t e  s e n s i n g  d a t a .  T h i s  r e p o r t  g i v e s  t h r e e  r e l e v a n t  t o p i c s :  i n c r e a s e  o f  
a g r i c u l t u r a l  a r e a  i n  Q i n g t o n g x i a  i r r i g a t i o n  d i s t r i c t ,  c h a n g e  o f  v e g e t a t i o n  i n  t r i b u t a r y  o f  t h e  Y e l l o w  R i v e r ,  a n d  c h a n g e  o f  
l a n d  c o v e r  i n  L o e s s  P l a t e a u .  
2 .  M e t h o d o l o g y  
2 . 1  I n c r e a s e  o f  a g r i c u l t u r a l  a r e a  i n  Q i n g t o n g x i a  i r r i g a t i o n  d i s t r i c t  
T h e  t i m e  s e r i e s  o f  A V H R R  o n b o a r d  N O A A  s a t e l l i t e  w e r e  m a i n l y  u s e d  t o  d e t e c t  t h e  c h a n g e  o f  a g r i c u l t u r a l  a r e a .  T h e  
s p a t i a l  r e s o l u t i o n  o f  A V H R R  i s  r e l a t i v e l y  l o w  a s  o n e  k i l o m e t e r  c o m p a r e d  t o  s c a l e  o f  a g r i c u l t u r a l  f i e l d ,  h o w e v e r ,  t h e  
p s e u d o  i m p r o v e m e n t  o f  s p a t i a l  r e s o l u t i o n  w a s  a p p l i e d  b y  m e a n s  o f  h i g h  r e s o l u t i o n  ( 3 0  m e t e r s )  s e n s o r  o f  E T M +  
o n b o a r d  L a n d s a t .  T h e  o u t l i n e  o f  t h e  m e t h o d  i s  s h o w n  i n  f i g u r e  I .  A n n u a l  m a x i m u m  v a l u e  o f  N o r m a l i z e d  D i f f e r e n c e  
V e g e t a t i o n  I n d e x  ( N O V I )  d e r i v e d  f r o m  A V H R R  s h o w e d  p o s i t i v e  c o r r e l a t i o n  w i t h  f r a c t i o n  o f  a g r i c u l t u r a l  a r e a  i n  o n e  
s q u a r e  k i l o m e t e r  c a l c u l a t e d  f r o m  l a n d  c o v e r  m a p  g e n e r a t e d  f r o m  E T M + .  T h i s  m e a n s  t h a t  p e r c e n t a g e  o f  a g r i c u l t u r a l  a r e a  
w i t h i n  o n e  A V H R R  p i x e l  i s  a b l e  t o  e s t i m a t e d ,  a n d  t h e  c h a n g e  o f  a g r i c u l t u r a l  a r e a  c o u l d  b e  d e t e c t e d  f r o m  t i m e  s e r i e s  o f  
a n n u a l  m a x i m u m  N O V I .  T i m e  s e r i e s  o f  a n n u a l  m a x i m u m  N O V I  w e r e  g e n e r a t e d  f r o m  o r i g i n a l  r a w  d a t a  f o r  1 7  y e a r s  
f r o m  1 9 8 4  t o  2 0 0 0 .  E v e r y  t w o  y e a r s  o f  d a t a  a r e  s h o w n  i n  f i g u r e  2 .  L i n e a r  r e l a t i o n  b e t w e e n  a n n u a l  m a x i m u m  N O V I  a n d  
f r a c t i o n  o f  a g r i c u l t u r a l  a r e a ,  [ f r a c t i o n  o f  a g r i c u l t u r a l  a r e a ] =  2 . 5 4  *  [ a n n u a l  m a x i m u m  N D V I ]  - 0 . 3 3 ,  w a s  a p p l i e d  t o  t h i s  
t i m e  s e r i e s .  T h e  r e s u l t  w a s  c o m p a r e d  t o  c o u n t y  b a s e d  a g r i c u l t u r a l  a r e a  d e r i v e d  f r o m  c e n s u s  i n  y e a r b o o k  o f N i n g x i a  H u i  
A u t o n o m o u s  R e g i o n .  
2 . 2  C h a n g e  o f  v e g e t a t i o n  i n  t r i b u t a r y  o f  t h e  Y e l l o w  R i v e r  
I t  w a s  s u g g e s t e d  b y  p r e v i o u s  r e s u l t s  i n  h y d r o l o g i c a l  s i m u l a t i o n  i n  t h i s  s t u d y  t h a t  v e g e t a t i o n ,  m a i n l y  g r a s s  o r  s h r u b  
t y p e  v e g e t a t i o n ,  h a s  b e e n  i n c r e a s e d  i n  L o e s s  P l a t e a u .  T h e r e f o r e ,  i t  h a s  b e e n  c h e c k e d  u s i n g  t i m e  s e r i e s  o f  A V H R R  d a t a .  
T h e  P a t h f i n d e r  A V H R R  L a n d  d a t a s e t ,  w h i c h  h a s  s p a t i a l  r e s o l u t i o n  o f  e i g h t  k i l o m e t e r ,  w a s  u s e d  i n  t h i s  a n a l y s i s .  T h e  
a n n u a l  m a x i m u m  N O V I  w a s  g e n e r a t e d  f r o m  d a i l y  p r o d u c t  b y  a v e r a g i n g  o f  f i v e  s a m p l e s  f r o m  s e c o n d  t o  s i x t h  m a x i m u m  
N O V I  i n  a  y e a r  b e c a u s e  e r r o n e o u s  h i g h  N D V I  e x i s t  i n  t h e  d a t a s e t .  T h e  f o u r  s a m p l e  a r e a ,  w h i c h  i s  s h o w n  i n  f i g u r e  3 ,  
w e r e  e x t r a c t e d  f r o m  t h e  d a t a  a l o n g  t h e  m a j o r  t r i b u t a r i e s  o f  t h e  Y e l l o w  R i v e r ,  W u d i n g ,  F e n ,  L u o ,  a n d  Q i n  r i v e r .  
2 . 3  C h a n g e  o f  v e g e t a t i o n  i n  L o e s s  P l a t e a u  
L a n d  c o v e r  c l a s s i f i c a t i o n  w a s  a p p l i e d  u s i n g  f o u r  k i l o m e t e r  A V H R R  d a t a ,  w h i c h  w e r e  g e n e r a t e d  f r o m  o r i g i n a l  r a w  
d a t a ,  f o r  t h e  y e a r s  o f  1 9 8 2 ,  1 9 9 1 ,  a n d  2 0 0 0 .  O n l y  t h r e e  l a n d  c o v e r  c a t e g o r i e s ,  b a r r e n ,  o p e n  s h r u b l a n d ,  a n d  g r a s s l a n d ,  
w e r e  e x t r a c t e d  o n  t h e  L o e s s  P l a t e a u .  O t h e r  l a n d  c o v e r  w a s  f o l l o w e d  t h e  o t h e r  c l a s s i f i c a t i o n  r e s u l t  d e r i v e d  u s i n g  M O D  I S  
d a t a .  T h e  d e t a i l  o f  t h e  c l a s s i f i c a t i o n  m e t h o d  i s  i n c l u d e d  i n  t h e  r e f e r e n c e  [  1 ] .  
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3 .  R e s u l t s  a n d  d i s c u s s i o n s  
3 .  I  I n c r e a s e  o f  a g r i c u l t u r a l  a r e a  i n  Q i n g t o n g x i a  i r r i g a t i o n  d i s t r i c t  
E s t i m a t e d  t i m e  s e r i e s  o f  a g r i c u l t u r a l  a r e a  i s  s h o w n  i n  f i g u r e  4 ,  t o p  f i g u r e  i s  e s t i m a t i o n  u s i n g  A V H R R  a n d  b o t t o m  i s  
c e n s u s  v a l u e .  E s t i m a t e d  t i m e  s e r i e s  h a s  u n r e a l i s t i c  f l u c t u a t i o n  b y  y e a r ,  c o m p a r e d  t o  c e n s u s  v a l u e .  S i n c e  t h e  l i n e a r  
9 3  
equation was derived from the data in 1999, good agreement was appeared in this year. On the other hand, the other 
years especially from 1993 to 1995 showed large decrease of the area. This is mainly due to the fluctuation of annual 
maximum NDVI, rather than due to the true variation of the agricultural area. Annual maximum NDVI has large 
inter-annual variation owing to the following two reasons. One reason is shortage of the sample. The AVHRR used in 
this analysis was received by University of Tokyo receiving station located in Tokyo, that is, Qingtongxia is western 
border of the receivable coverage. The enough sample for annual maximum calculation is not received for this region. 
The other reason is poor accuracy of geometric correction. The low geometric accuracy resulted in low contrast of the 
annual maximum NDVI image. Therefore, extremely low agricultural area was estimated especially in the years around 
1994. 
3.2 Change of vegetation in tributary of the Yellow River 
The time series of annual maximum NDVI over four tributaries of the Yellow River, which was extracted from 
Pathfinder dataset, is shown in figure 5. Five lines in each figure indicates the NDVI value for the sample of 10, 30, 50, 
70, 90 percent in the region. All figures indicates large inter-annual variation of NDVI, it is same as previous analysis. 
Continuous increase ofNDVI is appeared only in Wuding river region, but almost stable (except inter-annual variation) 
for other region, in the broad view. 
3.3 Change of land cover in Loess Plateau 
Land cover classification over Loess Plateau in 1982, 1991 , and 2000 are shown in figure 6. Relatively larger 
increase of grassland is appeared in northern part of Loess Plateau between 1982 and 1991 . This suggest the possibility 
of the increase of the vegetation mainly due to the reforestation implemented in 1970s and 80s, even though the 
inter-annual variation of the vegetation is larger in this region. The further analysis is needed for this point. 
Fig. 3 Four sample region 
4. Conclusion 
Fig. 4 Time series of Agricultural area 
(top: this study, bottom: census) 
Three topics, Increase of agricultural area in Qingtongxia 
irrigation district, change of vegetation in tributary of the Yellow 
River, and change of land cover in Loess Plateau, were reported 
concerning the land cover change of the Yellow River basin. Though 
the large inter-annual variation of vegetation and low processing 
accuracy of AVHRR data resulted in low reliability of land cover 
change in both analysis, Obvious change of land cover was not 
detected from all of three analyses. The result of hydrological model 
reported in this symposium shows similar conclusion. 
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Fig. 6 Land cover map ofLoess Plateau 
